to the injection punctures was systematically performed. Results: Rapidly, iris and ciliary body nodules regressed completely based on clinical and ultrasound biomicroscopic examinations. After 3 years of follow-up, the patient has shown no evidence of recurrence. Conclusion: In our patient, combined IVT and IC administration of melphalan proved highly efficacious in eradicating the ciliary body and anterior chamber disease and salvage of his one remaining functional eye.
Introduction
Tumor seeding of the anterior chamber of the eye is one of the most significant therapeutic challenges encountered in relapsing retinoblastoma and often necessitates enucleation or radiation therapy of the ocular globe [1] . Herein we report successful eye salvage following combined intravitreal (IVT) and intracameral (IC) administration of melphalan for anterior chamber recurrence of retinoblastoma in a child with previously treated sporadic bilateral retinoblastoma.
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Abstract Aims: Herein we report successful eye salvage following combined intravitreal and intracameral administration of melphalan for anterior chamber recurrence of retinoblastoma. Methods: A 12-month-old boy was referred with a sporadic bilateral retinoblastoma staged as group D and V in the right eye and group E and V in the left eye. Treatment initially involved 6 cycles of 3 drugs followed by focal treatments. The left eye was enucleated. Three months after the end of systemic chemotherapy, multiple recurrent lesions were noted in the ciliary body and the anterior chamber. A series of intravitreal (IVT) and intracameral (IC) injections of melphalan combined with a 7th cycle of systemic chemotherapy was performed. The therapeutic schedule alternated: week A an IVT of melphalan (30 μg/0.1 mL) for a total of 4 versus week B IC injections of melphalan (15 μg/0.05 mL) 4 IC in total. Each injection was preceded by an anterior chamber. Cryotherapy
Report of Case
A 12-month-old boy was referred to our institution for the management of sporadic bilateral retinoblastoma in May 2013. On examination, the patient was staged as group D and V (diffuse vitreous seeding) for the right eye and advanced group E and V (retinal detachment and neovascular glaucoma) for the left eye ( Fig. 1 ) . Treatment initially involved 6 cycles of combined vincristine, carboplatine, and etoposide followed by a second cycle of transpupillary thermotherapy (4 sessions for the right eye). The left eye was enucleated because of persistent vitreous hemorrhage and neovascular glaucoma. Following the termination of systemic chemotherapy, tumor recurrences in the retina at 1 and at 2 months were treated with cryotherapy. Three months after the end of systemic chemotherapy, multiple recurrent lesions were noted in the ciliary body and the anterior chamber, as evidenced by seeding and three nodules in the iris. A somatic and germline mutation on Rb1 gene exon 4 (c.471_475del/p.Leu158Cysfs * 11) was identified. In order to avoid external beam radiotherapy, an intra-arterial injection of melphalan was administered but failed to clear the anterior chamber. It was then decided to use a series of IVT and IC injections of melphalan combined with a 7th cycle of systemic chemotherapy, as specified above, in an effort to diminish the risk of distant metastasis. The therapeutic schedule alternated: week A, an IVT injection of melphalan (30 μg/0.1 mL) for a total of 4 injections versus week B, IC injections of melphalan (15 μg/0.05 mL), 4 injections 131 in total. Each injection was preceded by an anterior chamber tap in order to circumvent an elevation of intraocular pressure, to avoid any reflux, and for the potential detection of tumor cells. Cryotherapy to the injection punctures (the anterior chamber tap and IVT injection site) was systematically performed. The initial anterior chamber tap revealed retinoblastoma tumor cells ( Fig. 2 ) ; however, rapidly after the first round of combination IC/IVT therapy, the anterior chamber was clear of tumor cells. The iris and ciliary body nodules regressed completely based on clinical and ultrasound biomicroscopic examinations. After 3 years of followup, the patient has shown no evidence of recurrence. Examination of the right eye revealed moderate synechiae of the iris but the lens has remained clear. The fundus manifested atrophic scarring and a choroidal and retinal vasculature toxicity ( Fig. 3 ) . Despite this, the child has retained a useful vision.
Discussion
Recurrence of retinoblastoma in the anterior chamber is a well-recognized cause of conservative treatment failure of this neoplasm [2] . Enucleation of the globe is often necessary, and if anterior chamber involvement is confirmed histopathologically, adjuvant chemotherapy is usually recommended [3] . This type of approach is difficult to propose for patients with only one functional eye. Alternatively, external beam radiotherapy may be considered; however, one must bear in mind not only treatment failure but also the associated increased risk for the development of a second cancer in the irradiated field, especially for patients with a constitutional mutation [4, 5] .
Intra-arterial chemotherapy has been introduced in recent years as a form of salvage therapy in retinoblastoma [6] . However, this modality has not appeared efficacious for anterior chamber seeding based on the studies by Pavlidou et al. [7] . In our case, the initial intra-arterial infusion with melphalan also appeared unable to clear the ciliary body and the anterior chamber [7] . Recently, IVT injection of melphalan or topotecan has also shown promise as a means of eradicating vitreous seeding of retinoblastoma with acceptable side effects [8] . A recent paper demonstrated that after an IVT injection of melphalan in a rabbit eye, the concentrations of the drug in the vitreous and anterior chamber were, respectively, 7.8 and 0.024 μg/mL, with a rapid clearance of the drug in the anterior chamber [9] . This pharmacokinetic study showed that in case of anterior chamber involvement, IVT injection alone is probably not sufficient. A salvage technique using anterior chamber and IVT injection of melphalan during the same and unique procedure was described by Munier et al. [2] in 2015. This technique delivers the drug in the two compartments after an aspiration of an equivalent volume of both aqueous humor and vitreous. Aspiration and injection was done via a long needle introduced across the cornea and going through the iris and ciliary body to reach the vitreous cavity. In our technique, we removed only aqueous humor without aspiration of the vitreous and without touching the iris and ciliary body [2] . In contrast to the cases described in this abstract, our patient had an anterior chamber involvement and an iris and ciliary body infiltration. It will be dangerous to go through ocular structures invaded by tumor cells with a needle and remove this needle outside the eye. These local or locoregional treatments must be used after careful selection of the patients. A recent meta-analysis of intra-arterial chemotherapy for retinoblastoma has suggested an increased risk of metastasis in patients with advanced retinoblastoma treated with this modality [10] . Nonetheless, to date, there are no reported cases of orbital recurrence after IVT injection of melphalan. Anyway, caution must be exercised when conspicuous vitreous tumor seeding is present [11] .
Conclusion
In our patient with recurrent retinoblastoma involving the anterior chamber, combined IVT and IC administration of melphalan proved highly efficacious in eradicating the ciliary body and anterior chamber disease and salvage of his one remaining functional eye. Studies of additional, similarly affected patients appear indicated.
